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(57) ABSTRACT 

An illumination optics includes a plurality of light source 
sections for emiting light beams and a time sharing color 
separation device having a plurality of color filters. The color 
filters are rotationally moved so as to cross optical paths of the 
emitted light beams from the light source sections, thereby 
separate the emitted light beams to enter there into different 
color light beams in a time-sharing state. The reference axes 
of the emitted light beams to enter the time sharing color 
separation device are separated from each other, and the color 
filters are formed so that border lines of the adjacent color 
filters cross the reference axes approximately simultaneously 
at the time of rotation. 

18 Claims, 6 Drawing Sheets 
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1. 

ILLUMINATION OPTICS AND IMAGE 
PROJECTINGAPPARATUS HAVING 

THEREOF 

This application is based on the application No. 2005 
1298.04 filed in Japan on Apr. 27, 2005, the entire content of 
which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an illumination optics and 

an image projecting apparatus having thereof. The invention 
relates to, for example, the illumination optics which is used 
for a projector and synthesizes light fluxes emitted from two 
lamps so as to supply the synthesized light flux to a light 
modulating device, and the image projecting apparatus hav 
ing thereof. 

2. Description of the Related Art 
Presently, high brightness is required in projectors, particu 

larly, data projectors. Lamps, which are currently Supplied 
and have short arc length, have good system efficiency, but 
their output is limited. For this reason, in a system (image 
projecting apparatus) which use only one lamp, its output as 
a system is limited, and heightening of its brightness is lim 
ited. Meanwhile, lamps having high output have a short life, 
and require frequent maintenance Such as lamp exchange in 
the market. As optics of lamps for projectors, therefore, illu 
mination optics which use two lamps whose output is limited 
as independent lamp so as to obtain large output are now the 
mainstream. 

Such an illumination optics is disclosed in, for example, 
U.S. Pat. No. 6,505,939 (hereinafter, US 939). The illumi 
nation optics in US 939 synthesizes light beams from two 
light Sources using an integrator rod and Supplies the synthe 
sized light beam to a light modulating device via a color 
wheel. When the integrator rod is used, the light whose illu 
minance distribution is made to be uniform can be Supplied to 
the light modulating device via the color wheel. 
On the other hand, an illumination optics which uses a 

plurality of lamps but does not use an integrator rod is dis 
closed in, for example, U.S. Pat. No. 6,666.558 (US 558). In 
the illumination optics in US 558, light sources and light 
condensing devices are arranged so that condensing positions 
of light beams emitted from the respective light sources are 
Superposed on each other on a color wheel or its vicinity by 
the light condensing devices (for example, elliptical mirrors) 
corresponding to the light Sources. As a result, the size of a 
light Source image which is formed on the color wheel or its 
vicinity is Suppressed to minimum, and thus enlargement of 
the color wheel and image deterioration due to color mixing 
are avoided. 

Like US 939, however, when the color wheel is arranged 
on the light emission side of the integrator rod, a light emis 
sion Surface of the integrator rod and a modulation Surface of 
the light modulating device are approximately optically-con 
jugated. For this reason, when boundary portions of respec 
tive color filters of the color wheel cross the light emission 
surface of the integrator rod, color information of the light 
passing through the respective color filters cutting across the 
boundary portions is reflected directly onto the modulation 
Surface. As a result, color shading partially occurs on the 
modulation Surface, the quality of the image to be projected 
onto a screen via the light modulating device is deteriorated. 
When the boundary portions of the respective color filters 
cross the light emission Surface of the integrator rod, Switch 
ing of the light modulating device into an OFF state causes 
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2 
deterioration in light utilization efficiency (brightness), and 
thus the Switching is not appropriate. In order to avoid the 
above inconvenience, therefore, it is desirable that the color 
wheel is arranged on the light incident side of the integrator 
rod. 

Like US 558, however, when the light condensing posi 
tions of the light beams emitted from the light sources are 
superposed on each other on the color wheel or its vicinity by 
the light condensing devices corresponding to the light 
Sources, considerable heat energy is generated on the light 
condensing position. The respective color filters of the color 
wheel are formed by, for example, dielectric films, and thus 
their heat resistance is inferior. For this reason, when the 
considerable heat energy is generated concentratedly one 
point of the color wheel or its vicinity, the property of the 
color wheel is deteriorated or changed. Like US 558, there 
fore, when the light condensing positions of the emitted light 
beams from the light sources are Superposed on each other on 
the color wheel or its vicinity, the arrangement of the color 
wheel on the light incident side of the integrator rod is pre 
vented. 

SUMMARY OF THE INVENTION 

The present invention is devised in order to solve the above 
problems. It is an object of the present invention to provide an 
illumination optics in which a deterioration in a property of a 
color wheel is avoided so that the color wheel can be arranged 
on a light incident side of an integrator rod, so that color 
mixing is Suppressed to minimum at the time of passing 
through the color wheel and a deterioration in image quality 
of a projected image can be avoided. Further, it is an object to 
provide an image projecting apparatus having Such an illumi 
nation optics. 

In order to solve the above problems, according to a first 
aspect of the present invention, an image projecting apparatus 
includes: a plurality of light source sections for emitting light 
beams; and a time sharing color separation device having 
different color filters arranged on one plane. The color filters 
are rotationally moved so as to cross optical paths of the 
emitted light beams from the light source sections, thereby 
separate the emitted light beams to enter there into different 
color light beams in a time-sharing state. When optical axes of 
the emitted light beams or axes on extended lines including 
the optical axes are determined as reference axes, the refer 
ence axes of the emitted light beams to enter the time sharing 
color separation device are separated from each other, and the 
color filters are formed so that border lines of the adjacent 
color filters cross the reference axes approximately simulta 
neously at the time of rotation. 

According to a second aspect of the present invention, an 
illumination optics includes a first light source section for 
emitting a first light beam; a second light source section for 
emitting a second light beam; and a time sharing color sepa 
ration device having a plurality of color filters on one plane. 
The color filters are rotationally moved so as to cross the light 
beams, thereby separate the light beams to enter there into 
different color light beams in a time sharing state. The color 
filters are arranged so that the first and second light beams 
enter the color filters along a direction of a boundary line of 
the adjacent color filters. 

According to a third aspect of the present invention, an 
image projecting apparatus includes the above illumination 
optics of the present invention, a light modulating device for 
modulating the light beam Supplied from the illumination 
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optics, and a projecting optics for projecting the light modu 
lated by the light modulating device to a surface to be pro 
jected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, advantages and features of the 
invention will become apparent from the following descrip 
tion thereof taken in conjunction with the preferred embodi 
ments with the reference to the accompanying drawings in 
which: 

FIG. 1 is an explanatory diagram illustrating a schematic 
constitution of a color wheel of an illumination optics to be 
used in an image projecting apparatus according to one 
embodiment of the present invention and typically illustrating 
a positional relationship between the color wheel and light 
fluxes of emitted light beams to enter; 

FIG. 2 is a plan view typically illustrating a schematic 
constitution of the image projecting apparatus in FIG. 1; 

FIG. 3 is a side view of the image projecting apparatus in 
FIG. 1: 

FIG. 4 is an explanatory diagram illustrating another con 
stitutional example of the color wheel and typically illustrat 
ing a positional relationship between the color wheel and the 
light fluxes of the emitted light beams to enter the color 
wheel; 

FIG. 5 is a plan view illustrating another constitution of the 
illumination optics; and 

FIG. 6 is a plan view illustrating a detailed constitution of 
a deflecting member in the illumination optics. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

One embodiment of the present invention is explained 
below with reference to the drawings. 
(1. The Constitution of the Image Projecting Apparatus) 

FIG. 2 is a plan view typically illustrating a schematic 
constitution of the image projecting apparatus according to an 
embodiment, and FIG.3 is a side view of the image projecting 
apparatus. The image projecting apparatus of the embodi 
ment has an illumination optics 1, a DMD 2 (Digital Micro 
mirror Device; produced by Texas Instruments, Ltd.), and a 
projecting optics 3. 
The illumination optics 1 is an optics for synthesizing 

emitted light beams from a plurality of light Sources and 
supplying the synthesized light to the DMD 2, and its detailed 
constitution is mentioned later. 
The DMD 2 is constituted so that micromirrors which tilt in 

an ON state or an OFF state according to image data of a 
display image are arranged in a matrix pattern, and it is a light 
modulating device which modulates the light Supplied from 
the illumination optics 1 according to image data. More spe 
cifically, the DMD 2 has a rectangular image display area 
which is formed by the matrix arrangement of the micromir 
rors. Each mirror of the DMD 2 corresponds to one pixel, and 
each mirror has a deflecting axis which forms an angle of 45° 
with the rectangular display area. Each mirror deflects +12 
with the deflecting axis being the center according to image 
data. When the tilt angles of the mirrors are changed accord 
ing to image data, the light beams Supplied from the illumi 
nation optics 1 can be allowed to enter the projecting optics 3 
selectively according to each pixel. Instead of the DMD 2, for 
example, a reflection type or transmission type liquid crystal 
display device can compose the light modulating device. 
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4 
The projecting optics 3 is an optics for enlarging the light 

modulated by the DMD 2 so as to project it onto a screen as a 
Surface to be projected. 
(2. The Constitution of the Illumination Optics) 
The illumination optics 1 has a first light source section 11, 

a second light Source section 12, a color wheel 13, a deflecting 
member 14, an integrator rod 15, a relay lens group 16, a 
reflection mirror 17 and a prism unit 18. 

For convenience of the explanation hereafter, a “reference 
axis is defied as follows. That is to say, the “reference axis' 
means an optical axis of the emitted light from the first light 
Source section 11 (or the second light source section 12) in an 
optical path from the first light source section 11 (or the 
second light Source section 12) to the integrator rod 15, or an 
axis on an extended line including the optical axis. The “ref 
erence axis is defined because the “optical axis' means a line 
which connects curvature centers of optical Surfaces of the 
lenses, but the optical axes of the emitted light beams from the 
first light Source section 11 and the second light source sec 
tion 12 do not pass through the curvature center of a con 
denser lens 41, mentioned later, and thus the concept of not 
the “optical axis' but the defined “reference axis is suitable 
in this embodiment. The “reference axis' is used as the need 
arises, and the reference axis of the first light Source section 
11 is defined as a reference axis A, and the reference axis of 
the second light source section 12 is defined as a reference 
axis B. 
The first light source section 11 is composed of a light 

emitting section 21, a revolving parabolic mirror 22, a con 
denser lens 23, a reflection mirror 24 and a condenser lens 41. 
The light emitting section 21 is composed of an arc tube 

which causes discharge between two electrodes so as to emit 
white light, and is positioned on a focal point of the revolving 
parabolic mirror 22. The revolving parabolic mirror 22 
reflects the light emitted from the light emitting section 21 so 
as to convert the emitted light into parallel light. The con 
denser lens 23 converges the parallel light which is reflected 
by the revolving parabolic mirror 22 and is emitted. The 
revolving parabolic mirror 22 and the condenser lens 23 com 
pose a first light condensing section which condenses the 
light emitted from the light emitting section 21. The reflection 
mirror 24 is an optical element which reflects the light emitted 
from the condenser lens 23 to a direction of the condenser lens 
41 at a latertier, and bends its optical path. The condenser lens 
41 composes a second light condensing section which con 
denses the light reflected by the reflection mirror 24 onto a 
light incident surface 15a of the integrator rod 15. The con 
denser lens 41 is shared by the first light source section 11 and 
the second light source section 12. 
The first light source section 11 is arranged so that a part of 

the reference axis A tilts with respect to an optical axis C of 
the integrator rod 15. That is to say, the first light source 
section 11 is arranged so that the reference axis A tilts with 
respect to the optical axis C on the optical path from the light 
emitting section 11 to the deflecting member 14. Since the 
first light source section 11 has the reflection mirror 24, the 
reference axis A is bent by the reflection mirror 24. 
On the other hand, the second light source section 12 is 

composed of a light emitting section31, a revolving parabolic 
mirror 32, a condenser lens 33, a reflection mirror 34 and the 
condenser lens 41. 

Similarly to the light emitting section 21, the light emitting 
section 31 is composed of an arc tube which causes discharge 
between two electrodes so as to emit white light, and is 
positioned on a focal point of the revolving parabolic mirror 
32. The light emitting section 31 is arranged so as to be 
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opposed to the light emitting section 21 across the optical axis 
C of the integrator rod 15. The revolving parabolic mirror 32 
reflects light emitted from the light emitting section 31 so as 
to convert the emitted light into parallel light. The condenser 
lens 33 converges the parallel light which is reflected by the 5 
revolving parabolic mirror 32 and is emitted. The revolving 
parabolic mirror 32 and the condenser lens 33 compose a first 
light condensing section which condenses the light emitted 
from the light emitting section 31. The reflection mirror 34 is 
an optical element which reflects the light emitted from the 10 
condenser lens 33 to a direction of the condenser lens 41 at a 
later tier, so as to bend its optical path. 

Similarly to the first light source section 11, the second 
light Source section 12 is arranged so that a part of the refer 
ence axis B tilts with respect to the optical axis C of the 15 
integrator rod 15. That is to say, the second light Source 
section 12 is arranged so that the reference axis B tilts with 
respect to the optical axis C on the optical path from the light 
emitting section 31 and the deflecting member 14. Since the 
second light source section 12 has the reflection mirror 34, the 20 
reference axis B is bent by the reflection mirror 34. 
The color wheel 13 is a time sharing color separation 

device which rotationally moves different color filters 
arranged on one plane so that the filters cross the optical paths 
of the emitted light beams from the first light source section 25 
11 and the second light source section 12 so as to separate the 
emitted light beams to enter into different color light beams. 
More concretely, the color wheel 13 has three kinds of color 
filters 13R, 13G and 13B (see FIG. 1) which selectively 
transmit red light, green light and blue light, and is provided 30 
on the light incident side of the integrator rod 15. Due to the 
rotation of the color wheel 13, the illumination light of white 
light which enters the color wheel 13 is separated into red 
light, green light and blue light temporarily so as to be emit 
ted. As a result, a color image can be provided. 35 

In this embodiment, the color wheel 13 is arranged 
between the condenser lens 41 and the deflecting member 14, 
but may be arranged between the deflecting member 14 and 
the integrator rod 15. 

In this embodiment, the emitted light beams from the first 40 
light source section 11 and the second light source section 12 
are not condensed on one point of the color wheel 13, and the 
reference axes A and B which cross the color wheel 13 are 
separated from each other. The most notable characteristic of 
the present invention is how the emitted light beams enter the 45 
color wheel 13, but this is explained later. 
The deflecting member 14 is arranged on the light incident 

side of the integrator rod 15, and it transmits and deflects the 
emitted light beams so that the reference axis A of the emitted 
light from the first light source section 11 and the reference 50 
axis B of the emitted light from the second light source 
section 12 just before entering the integrator rod 15 become 
approximately perpendicular to the light incident Surface 15a 
of the integrator rod 15 (approximately parallel with the opti 
cal axis C (center axis) of the integrator rod 15). In this 55 
embodiment, the deflecting member 14 is composed of a 
deflecting prism as a refraction type optical element. Details 
of the deflecting member 14 are explained later. 
The integrator rod 15 has a rectangular column shape 

whose section is rectangular, and it totally reflects the light 60 
which enters the light incident surface 15a as one end surface 
and leads the reflected light to the light emission surface 15b 
as the other end surface so as to emit the light therefrom. 
Particularly in this embodiment, the integrator rod 15 com 
poses a synthesizing section which synthesizes the emitted 65 
light beams from the first light source section 11 and the 
second light Source section 12 and makes the illuminance 

6 
distribution uniform so as to emit the synthesized light. When 
Such an integrator rod 15 is used, the satisfactory illuminance 
distribution of the illumination area can be obtained. The 
optical axis C of the integrator rod 15 matches with the optical 
axis of the relay lens group 16. 

Further, due to the above deflection of the emitted light 
beams in the deflecting member 14, the reference axes A and 
B of the emitted light beams are separated from each other on 
the light incident surface 15a of the integrator rod 15. In this 
embodiment, therefore, the integrator rod 15 is arranged so 
that separating direction of the reference axes A and B is a 
direction of a long side of the rectangular light incident Sur 
face 15a. More concretely, the integrator rod 15 is arranged so 
that a plane including the reference axes A and B and the long 
side of the incident light surface 15a of the integrator rod 15 
form an angle of 11.7°. As a result, the emitted light beams 
can be efficiently brought into the integrator rod 15. 
The relay lens group 16 is composed of a plurality of relay 

lenses and a diaphragm for regulating light flux, and its opti 
cal axis passes through a center of the light incident Surface 
15a and a center of the light emission surface 15b of the 
integrator rod 15. The relay lens group 16 as well as the prism 
unit 18 approximately optically-conjugated the light emis 
sion surface 15b of the integrator rod 15 and the modulation 
surface (display area) of the DMD 2. The light emission 
surface 15b of the integrator rod 15 and the display area of the 
DMD 2 have approximately similar figure. As a result, an 
image on the light emission surface 15b of the integrator rod 
15 is projected onto the modulation surface of the DMD 2. 
and can be illuminated uniformly and efficiently. The reflec 
tion mirror 17 reflects the light emitted from the relay lens 
group 16 to a direction of the prism unit 18. 
The prismunit 18 is composed of a lens prism 19 and a total 

reflection prism 20. The lens prism 19 has a first incident 
surface 19a and a first emission surface 19b. The total reflec 
tion prism 20 has a second incident Surface 20a, a critical 
surface 20b and a second emission surface 20c. The lens 
prism 19 and the total reflection prism 20 are arranged so that 
the first emission surface 19bis opposed to the critical surface 
20b via an air layer. Further, the first incident surface 19a of 
the lens prism 19 has a spherical shape in order to make the 
illumination light telecentric, and has a lens function. The first 
incident Surface 19a may be a plane, and a plano-convex lens 
may be laminated to the plane. 

In the above constitution, the light emitted from the light 
emitting section 21 of the first light source section 11 is 
reflected by the revolving parabolic mirror 22 so as to be the 
parallel light. After the parallel light is converged by the 
condenser lens 23, the light enters the reflection mirror 24. 
The reflection mirror 24 reflects the incident light, the 
reflected light is further converged by the condenser lens 41 
so as to enter the color wheel 13. Meanwhile, the light emitted 
from the light emitting section 31 of the second light source 
section 12 is reflected by the revolving parabolic mirror 32 so 
as to be the parallel light. After the parallel light is converged 
by the condenser lens 33, the light which enters the reflection 
mirror 34 is reflected and is further converged by the con 
denser lens 41 so as to enter the color wheel 13. 
The respective light beams (white light beams) which enter 

the color wheel 13 sequentially transmit through the color 
filters 13R, 13G and 13B by rotation of the color wheel 13. As 
a result, the red, green and blue light beams are emitted from 
the color wheel 13 temporarily so as to enter the deflecting 
member 14. 
The emitted light beams from the first light source section 

11 and the second light source section 12 are refracted by the 
deflecting member 14, and enters the light incident Surface 
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15a of the integrator rod 15 with the reference axes A and B 
being approximately perpendicular to the light incident Sur 
face 15a. After the emitted light beams are synthesized by the 
integrator rod 15, they enter the reflection mirror 17 via the 
relay lens group 16. The optical paths of the incident light 
beams are bent by the reflection mirror 17, and the light beams 
enter the prism unit 18. 
The light beams which enter the prism unit 18 enter the first 

incident surface 19a of the prism lens 19 so as to be telecentric 
light beams and reach the first emission surface 19b. At this 
time, since the incident light beams reach the first emission 
surface 19b at an angle which does not satisfy the total reflec 
tion condition, the incident light beams transmit through the 
first emission surface 19b, and enter the total reflection prism 
20 from the critical surface 20b via the air layer so as to enter 
the DMD 2 via the second incident surface 20a. 

In the DMD 2, the tilt angles of the mirrors change between 
the ON state and the OFF state according to image data. The 
light (projected light) which is reflected by the mirror in the 
ON state enters the total reflection prism 20 again from the 
second incident surface 20a So as to reach the critical Surface 
20b. Since the projected light enters the critical surface 20b at 
the angle which satisfies the total reflection condition, it is 
totally reflected by the critical surface 20b and is emitted from 
the secondemission Surface 20c So as to be projected onto the 
screen via the projecting optics 3. 

In this embodiment, the first light source section 11 and the 
second light source section 12 have the reflection mirrors 24 
and 34, respectively, so that the optical paths of the emitted 
light beams are bent. For this reason, the emitted light beams 
from the first light source section 11 and the second light 
source section 12 can be allowed to enter the integrator rod 15 
without being interfered with each other. Therefore, the emit 
ted light beams from the first light source section 11 and the 
second light Source section 12 are effective used so that a 
projected image with high brightness can be obtained 
securely. 

In addition, the light emitting sections 21 and 31 are 
arranged so as to be opposed to each other across the optical 
axis C. As a result, for example, the first light Source section 
11 and the second light source section 12 can be arranged at 
the same height. Due to this arrangement, even if a projecting 
position is changed, the entire device is rotated about an axis 
which connects the light emitting sections 21 and 31 so that 
the light emitting sections 21 and 31 do not tilt with respect to 
a surface perpendicular to a vertical direction. When the light 
emitting sections 21 and 31 tilt with respect to the surface 
perpendicular to the vertical direction, the operations of the 
light emitting sections 21 and 31 become unstable, but with 
the above constitution, while the stable operations of the light 
emitting sections 21 and 31 are being maintained, only the 
setting state of the device can be changed. 
The opposed arrangement of the light emitting sections 21 

and 31 can realize the image projecting apparatus which is 
compact and is well-organized when an electric system and a 
cooling system are taken into consideration. That is to say, as 
to the electric system, a power Supply for Supplying a power 
to the light emitting sections 21 and 31 can be arranged, for 
example, between the reflection mirrors 24 and 34, and thus 
an empty space can be utilized effectively. 
As to the cooling system, for example, when the reflection 

mirrors 24 and 34 are composed of cold mirrors which trans 
mit infrared rays, only the white light in the light beams 
emitted from the light emitting sections 21 and 31 is reflected 
by the cold mirrors so as to enter the condenser lens 41. 
Whereas the infrared rays are transmitted through the cold 
mirrors so as not to enter the condenser lens 41. Therefore, a 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
thermal burden on the optical element (for example, the color 
wheel 13) after the condenser lens 41 can be reduced securely. 
Further, when a member which absorbs the infrared rays 
transmitted through the reflection mirrors 24 and 34 is pro 
vided between the reflection mirrors 24 and 34, the light 
emitting sections 21 and 31 are not exposed to the infrared 
rays transmitted through the reflection mirrors 24 and 34. For 
this reason, the stability (cooling balance) of the light emit 
ting sections 21 and 31 is improved and its reliability is 
improved. 

Since the condenser lens 41 is shared by the first light 
Source section 11 and the second light source section 12, the 
first light Source section 11 and the second light source sec 
tion 12 can be arranged so as to be far from the integrator rod 
15 without deteriorating the utilization efficiency of the emit 
ted light beams. As a result, the color wheel 13 can be 
arranged between the integrator rod 15 and the condenser lens 
41 without interfering with the first light source section 11 
and the second light Source section 12. That is to say, the space 
for arranging the color wheel 13 can be secured between the 
integrator rod 15 and the condenser lens 41. 

Like this embodiment, therefore, when the color wheel 13 
is arranged on the light incident side of the integrator rod 15, 
even if the light beams pass through the vicinities of the 
boundaries of the color filters 13R, 13G and 13B of the color 
wheel 13, the mixed color light beams are mixed in the inte 
grator rod 15 so as to be supplied to the DMD 2. For this 
reason, unlike the case where the color wheel 13 is arranged 
on the light emission side of the integrator rod 15, partial color 
shading do not occur on the modulation surface of the DMD 
2. Therefore, an image can be projected without Switching the 
mirrors of the DMD 2 into the OFF state in the rotating 
position of the color wheel 13 where color mixing occurs, and 
thus the utilization efficiency of the light beams is not dete 
riorated. 

In this embodiment, since the condenser lens 42 is shared 
by the first light source section 11 and the second light source 
section 12, the number of condenser lenses can be totally 
reduced, so that the number of optical parts can be reduced. 

In this embodiment, since unnecessary color light do not 
enter the integrator rod 15, the thermal burden on the integra 
tor rod 15 and the burden of light resistance on an anti 
reflection coat of the light incident surface 15a of the integra 
tor rod 15 can be reduced. As a result, the reliability of the 
integrator rod 15 can be improved, and the integrator rod 15 is 
made of an inexpensive material (for example, glass), so that 
the cost can be reduced. 
When the two reflection mirrors 24 and 34 and the con 

denser lens 41 are provided, the light source sections can be 
arranged in the opposed manner. Further, overheat of the light 
Source sections is prevented so that they are easily cooled, and 
NA (Numerical Aperture) with respect to the integrator rod 15 
is secured and incidence efficiency is maintained, whereas the 
light source sections can be arranged so as to be separated 
from the integrator rod 15. As a result, the color wheel 13 can 
be spatially arranged on the light incident side of the integra 
tor rod 15. 

(3.The Method of Allowing the Emitted Light Beams to Enter 
the Color Wheel) 
As a characteristic portion of the present invention, the 

method of allowing the emitted light beams from the first light 
Source section 11 and the second light Source section 12 to 
enter the color wheel 13 is explained below. 
As shown in FIG. 2, in this embodiment, the first light 

Source section 11 and the second light source section 12 are 
constituted and arranged so that the reference axes A and B of 
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the emitted light beams to enter the color wheel 13 are sepa 
rated from each other on the color wheel 13. Since the light 
fluxes of the emitted light beams are not completely super 
posed on each other on the color wheel 13, considerable heat 
energy is not generated concentratedly on one point of the 5 
color wheel 13. The respective color filters 13R, 13G and 13B 
(see FIG. 1) of the color wheel 13 are formed by, for example, 
dielectric films, and thus their heat resistance is inferior. In 
this embodiment, however, since the considerable heat 
energy is not generated concentratedly on one point of the 
color wheel 13 depending on the method of allowing the 
emitted light beams to enter the color wheel 13, a deteriora 
tion in the property of the color wheel13 (occurrence of color 
shading, which does not occurat the time of designing, due to 
rise in temperature) and a crack of the color wheel 13 can be 
avoided. 
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When the reference axes A and B of the emitted light beams 
to enter the color wheel 13 are separated from each other, the 
deterioration in the property of the color wheel 13 due to the 20 
heat energy can be avoided. For this reason, even in the case 
where the integrator rod 15 is provided on the optical path like 
this embodiment, the color wheel 13 can be arranged on the 
light incident side of the integrator rod 15, namely, on the side 
which is closer to the first light source section 11 and the 
second light source section 12 which is easily influenced by 
heat. Therefore, when the reference axes A and B of the 
emitted light beams are separated from each other on the color 
wheel 13, the occurrence of partial color shading on the 
modulation surface of the DMD 2 can be suppressed. 
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FIG. 1 is an explanatory diagram illustrating the schematic 
constitution of the color wheel 13, and typically illustrating a 
positional relationship between the color wheel 13 and the 
light fluxes of the emitted light beams to enter there. In FIG. 
1, the light flux emitted from the first light source section 11 
is designated by 11a, and the light flux emitted from the 
second light source section 12 is designated by 12a. A border 
line between the adjacent color filters 13R and 13G is desig 
nated by P1, a border line between the adjacent color filters 
13G and 13B is designated by P2, and a border line between 
the adjacent color filter 13B and 13R is designated by P3. 

In this embodiment, the color filters 13R, 13G and 13B of 
the color wheel 13 are formed so that the border lines P1, P2 
and P3 cross the reference axes A and B approximately simul- 4s 
taneously at the time of rotation. More concretely, the border 
lines P1, P2 and P3 are formed along a radial direction from 
the rotating center of the color wheel 13, and an angle (center 
angle) formed by the adjacent border lines is 120°. The 
respective color filters 13R, 13G and 13B are formed in area so 
which is surrounded by the adjacent border lines, an inner 
periphery and an outer periphery of the color wheel 13, 
respectively. 

Depending on the shape of the color filters 13R, 13G and 
13B, a direction where the two light fluxes 11a and 12a are 55 
synthesized is perpendicular to a scanning direction (rota 
tional moving direction) of the color filters 13R, 13G and 
13B, and the border lines P1, P2 and P3 cross the reference 
axes A and B approximately simultaneously at the time of the 
rotation of the color wheel 13. As a result, even when the 60 
emitted light beams from the first light source section 11 and 
the second light source section 12 enter the adjacent color 
filters of the color wheel 13, a ratio of the time for the inci 
dence over the adjacent color filters (color light Switching 
time) to the time for the rotation of the color wheel 13 can be 65 
totally suppressed minimum. Therefore, mixing of color light 
beams at the time of passing through the color wheel 13 can 
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10 
be suppressed to minimum, and thus the deterioration in the 
quality of the projected image due to the color mixing can be 
avoided. 

Since the ratio of the time for switching color light beams 
becomes small, even if the DMD 2 is not turned OFF in the 
rotating position of the color wheel13 where the color mixing 
occurs, the influence of the mixed color light on the projected 
image can be suppressed as much as possible. As a result, the 
DMD 2 can be illuminated efficiently, and a bright illumina 
tion system can be realized. Further, since the ratio of the time 
for Switching color light beams becomes Small, color purity 
can be improved. 
When the border lines of the adjacent color filters cross the 

reference axes A and B approximately simultaneously due to 
the rotation of the color wheel 13, the emitted light beams 
from the first light source section 11 and the second light 
source section 12 (a plurality of the light flux 11a and the light 
flux 12a) enter the color wheel 13 with them being lined in a 
direction of the border lines. As a result, when the light flux 
11a and the light flux 12a enter one border line (for example, 
the border line P1) of the rotating color wheel 13 with them 
being lined in the direction of the border lines, it can be said 
that the deterioration in the quality of the projected image due 
to the color mixing can be avoided. 
The shape of the color filters 13R, 13G and 13B is not 

limited to the shape in FIG. 1. FIG. 4 is an explanatory 
diagram illustrating another constitutional example 130 of 
the color wheel 13 and typically illustrating a positional rela 
tionship between the color wheel 130 and the light fluxes of 
the emitted light beams to enter there. The shape of the color 
filters 130R, 130G and 130B is specified by the border lines 
P101, P102 and P103, and the inner periphery and the outer 
periphery of the color wheel 130. For this reason, as shown in 
FIG.4, when the direction of the border lines P101, P102 and 
P103 is changed so that the borderlines P101, P102 and P103 
tilt with respect to the radial direction of the color wheel 130, 
the shape of the color filters 103R, 130G and 130B is set. That 
is to say, the shape of the color filters 130R, 130G and 130B 
is set so that the border lines P101, P102 and P103 of the 
adjacent color filters cross the reference axes A and B 
approximately simultaneously at the time of the rotation. 

For example, in the case where a height-wise direction of 
the color wheel 13 is restricted in order to, for example, 
Suppress a height-wise direction of the image projecting 
apparatus, or in the case where the arrangement of the first 
light source section 11 and the second light source section 12 
is restricted, the color wheel 130 shown in FIG. 4 is used. As 
a result, the effects of the present invention are obtained, and 
simultaneously the invention can be cope with Such require 
mentS. 

FIG. 5 is a plan view illustrating another constitution of a 
main section of the illumination optics 1. As shown in FIG. 5, 
a taper rod 51 may be used instead of the integrator rod 15. 
The taper rod 51 is an integrator rod in which the area of the 
light incident surface 51a is larger than an area of the light 
emission surface 15b. When such a taper rod 51 is used as the 
synthesizing section, in comparison with the case where the 
integrator rod 15 in which the areas of the light emission 
surface 15b and the light incident surface 15 are the same, 
receiving efficiency of the emitted light beams from the first 
light source section 11 and the second light source section 12 
can be heightened, and thus the emitted light beams can be 
utilized effectively. 

Particularly, when the tapered shape is such that the direc 
tion of the long side of the light incident surface 51a is 
widened along a direction where the reference axes A and B 
of the emitted light beams to enter the light incident surface 
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51a of the taper rod 51 are separated from each other on the 
light incident surface 51a, the receiving efficiency of the 
emitted light beams can be further heightened. 

In FIG. 5, the deflecting member 14 is arranged rotatively 
about the optical axis of the taper rod 51 so that the separating 
direction of the reference axes A and B of the emitted light 
beams is the direction of the long side of the light incident 
surface 51a of the taper rod 51. When the height position of 
the light emitting sections 21 and 31 (position perpendicular 
to paper Surface of FIG. 4) is adjusted according to the rota 
tion (tilt), the separating direction of the reference axes A and 
B is the direction of the long side of the light incident surface 
51a, so that the emitted light beams easily enter the taper rod 
51. 

When the taper rod 51 is used, the numerical aperture NA 
of the tapered direction (the long-side direction of the light 
incident surface 51a) becomes large. For this reason, the 
corresponding relay lens group 16 and projecting optics 3 
should be used, but they may be used after the entire system 
is considered. 

(4. About the Deflecting Member) 
Details of the deflecting member 14 are explained below. 

FIG. 6 is a plan view illustrating a detailed constitution of the 
deflecting member 14. The deflecting member 14 has a shape 
Such that its thickness along the optical axis C of the integra 
tor rod 15 in the section along the plane including the refer 
ence axes A and B is the largest in a position where it is the 
farthest from the optical axis C and is the smallest on the 
optical axis C. 
More specifically, the deflecting member 14 has surfaces 

14a and 14b on the light emission side, and Surfaces 14c and 
14d on the light incident side. The surface 14a is a first light 
emission surface which refracts the emitted light from the first 
light Source section 11, and the Surface 14b is a second light 
emission surface which refracts the emitted light from the 
second light source section 12. The surface 14c is a first light 
incident surface which refracts the emitted light from the first 
light Source section 11, and the Surface 14d is a second light 
incident surface which refracts the emitted light from the 
second light source section 12. The surfaces 14a and 14b tilt 
with respect to the optical axis C so that their ends on the side 
of the optical axis C are closer to the surfaces 14c and 14d on 
the light incident side than their ends on the opposite side to 
the optical axis C. The arrangement of the Surfaces 14a and 
14b can realize the above shape of the deflecting member 14. 
The surfaces 14c and 14d on the light incident side may tilt 
with respect to the optical axis C so that their ends on the side 
of the optical axis C is closer to the surfaces 14a and 14b than 
their ends on the opposite side to the optical axis C. 
When the deflection member 14 has such a shape, the 

deflection member 14 can deflect (refract) the emitted light 
beams from the first light source section 11 and the second 
light Source section 12 securely so that the reference axes. A 
and B of the emitted light beams just before entering the 
integrator rod 15 are approximately perpendicular to the light 
incident surface 15a of the integrator rod 15a. The approxi 
mately perpendicular state includes a completely perpendicu 
lar state, and a state which slightly shifts from the completely 
perpendicular state. 
When the reference axes A and B of the emitted light beams 

just before entering the integrator rod 15 are approximately 
perpendicular to the light incident surface 15a of the integra 
tor rod 15, even in the case where an image is projected only 
by one light beam, the quality of the projected image can be 
improved. The reason for this is as follows. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
When the length of the integrator rod 15 is infinite, even if 

an incidentangle of the light with respect to the light incident 
surface 15a of the integrator rod 15 becomes large, it seemed 
that the light with sufficiently uniform illuminance distribu 
tion is emitted from the light emission surface 15b due to the 
total reflection in the integrator rod 15. Since the length of the 
integrator rod 15 is, however, finite actually, when the inci 
dentangle of the light with respect to the light incident Surface 
15a becomes large, the illuminance distribution cannot be 
made to be sufficiently uniform by the integrator rod 15. Since 
angle distribution of the light to enter the integrator rod 15 
with respect to the optical axis C is maintained, when the 
incident angle with respect to the incident surface 15a 
becomes large, light quantity distribution in pupil (diaphragm 
position) of the relay lens group 16 and the projecting optics 
3 becomes non-uniform. 

As a result, in order to make the light quantity distribution 
in the pupil of the relay lens group 16 or the like uniform, the 
angle distribution of the light to enter the integrator rod 15 
whose length is finite may be made to be uniform with respect 
to the optical axis C (symmetrical with respect to the axis 
along the optical axis C). Therefore, when the reference axes 
A and B of the emitted light beams just before entering the 
integrator rod 15 may be set to be approximately perpendicu 
lar to the light incident surface 15a of the integrator 15 by the 
constitution of the deflecting member 14, the angle distribu 
tion of the emitted light beams just before entering the inte 
grator rod 15 with respect to the optical axis C becomes 
approximately uniform. For this reason, the light quantity 
distribution of the emitted light beams in the pupil of the relay 
lens group 16 or the like can be made to be uniform. That is to 
say, even in the case where only the emitted light beam from 
the first light source section 11 enters the integrator rod 15 via 
the deflecting member 14, or in the case where only the 
emitted light beam from the second light source section 12 
enters the integrator rod 15 via the deflecting member 14, the 
light quantity distribution in the pupil of the relay lens group 
16 or the like can be made to be uniform. 

In the case where the light enters a position which shifts 
from the center of the light incident surface 15a, since the 
length of the integrator rod 15 is finite, the light quantity 
distribution in the pupil of the relay lens group 16 or the like 
becomes slightly non-uniform, but a non-uniform level is not 
higher than the case where the angle distribution of the inci 
dent light beams becomes non-uniform. Therefore, the non 
uniformity can be compensated Sufficiently by making the 
angle distribution of the emitted light beams uniform. 
When the reference axes A and B of the emitted light beams 

just before entering the integrator rod 15 are set to be approxi 
mately perpendicular to the light incident surface 15a of the 
integrator rod 15, even when an image is projected by using 
only one of the first light source section 11 and the second 
light source section 12, the light quantity distribution in the 
pupil of the relay lens group 16 can be uniform. As a result, 
even when the image is projected only by one light beam, 
occurrence of uneven illuminance on the modulation Surface 
of the DMD 2 can be avoided, and occurrence of uneven 
illuminance on an image projected onto the screen via the 
DMD 2 can be avoided. As a result, the quality of the pro 
jected image can be improved. 
The case where the image is projected only by one light 

beam means, for example, the case where one light Source is 
not turned on due to a failure, and the case where only one 
light source is turned on intentionally due to long life or 
energy saving. 
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(5. The Others) 
The above embodiment explains the example where the 

first light condensing sections of the light Source sections are 
composed of the revolving parabolic mirrors and the con 
denser lenses, but they may be composed of revolving ellip 
tical mirrors. In this case, the light emitting section may be 
positioned in one focal position of the revolving elliptical 
mirror, and the light incident Surface of the synthesizing 
section may be positioned in the other focal position. 

In the above embodiment, as the color filters of the color 
wheel, three kinds of filters which transmit the red light, the 
blue light and the green light are used, but filters of another 
colors may be used. For example, a color filter which trans 
mits magenta, cyan or yellow light may be added. In the case 
where the color purity is sacrificed and brightness is empha 
sized, a filter which transmits white light (transparent filter) 
may be added. The present invention is not particularly lim 
ited to types and constitutions of the color filters. 

According to the above embodiment, the light beams emit 
ted from the light source sections pass through the color filters 
of the time sharing color separation device so as to be sepa 
rated into different color light beams in a time-sharing state. 
At this time, since the reference axes of the emitted light 
beams to enter the time sharing color separation device are 
separated from each other, the light fluxes of the emitted light 
beams are not completely Superposed on each other on the 
time sharing color separation device. As a result, considerable 
heat energy is not generated concentratedly on one point of 
the time sharing color separation device, so that a deteriora 
tion in the property of the time sharing color separation device 
can be avoided. 

For example, therefore, even in the case where the synthe 
sizing section (for example, the integrator rod) which synthe 
sizes a plurality of light fluxes and makes the illuminance 
distribution uniform so as to emit the synthesized light is 
provided on the optical path, the time sharing color separation 
device can be arranged on the light incident side of the Syn 
thesizing section. As a result, even when the synthesizing 
section is used, the occurrence of partial color shading on the 
modulation Surface of the light modulating device can be 
Suppressed unlike the case where the time sharing color sepa 
ration device is arranged on the light emission side of the 
synthesizing section without turning OFF the light modulat 
ing device according to the rotating position of the color 
filters (without deteriorating the utilization efficiency of the 
light). 
The color filters of the time sharing color separation device 

are formed so that the border lines of the adjacent color filters 
at the time of the rotation cross the reference axes approxi 
mately simultaneously. As a result, even when the emitted 
light beams enter the adjacent color filters, the ratio of time for 
entrance of the light over the adjacent color filters can be 
Suppressed minimum. Therefore, the color mixing of the light 
at the time of passing through the time sharing color separa 
tion device can be suppressed to minimum, so that the dete 
rioration in the quality of the projected image can be avoided. 

In the case where the reference axes of the emitted light 
beams to enter the time sharing color separation device are 
separated from each other and the border lines of the adjacent 
color filters cross the reference axes approximately simulta 
neously at the time of the rotation, a plurality of light fluxes 
from the light source sections enter the border lines of the 
adjacent color filters of the rotating time sharing color sepa 
ration device with them being lined in the direction of the 
border lines. Therefore, it can be said that such an incident 
method can produce the above-mentioned effects. 
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What is claimed is: 
1. An illumination optics comprising: 
a plurality of light Source sections for emitting light beams; 

and 
a time sharing color separation device having a plurality of 

color filters, the color filters being rotationally moved so 
as to cross optical paths of the emitted light beams from 
the light Source sections, thereby separating the emitted 
light beams to enterthere into different color light beams 
in a time-sharing state, 

wherein when optical axes of the emitted light beams or 
axes on extended lines including the optical axes are 
determined as reference axes, the reference axes of the 
emitted light beams to enter the time sharing color sepa 
ration device are separated from each other, and the 
color filters are formed so that border lines of the adja 
cent color filters cross the reference axes approximately 
simultaneously at the time of rotation. 

2. The illumination optics according to claim 1, further 
comprising: 

a synthesizing section for synthesizing the emitted light 
beams from the light Source sections, 

wherein the time sharing color separation device is 
arranged on a light incident side of the synthesizing 
section. 

3. The illumination optics according to claim 2, wherein 
the light source sections include: 

light emitting sections for emitting light beams, the light 
emitting sections being arranged so as to oppose each 
other across the optical path of the synthesizing section; 

first light condensing sections for condensing the emitted 
light beams; and 

reflection mirrors for bending optical paths of the light 
beams emitted from the first light condensing sections 
by means of reflection, respectively. 

4. The illumination optics according to claim 3, wherein 
the reflection mirrors transmit infrared rays and reflect white 
light. 

5. The illumination optics according to claim 3, wherein 
the light Source sections further includes a second light con 
densing section for condensing the light beams reflected by 
the reflection mirrors, and the second light condensing sec 
tion is shared by the light Source sections. 

6. The illumination optics according to claim 2, wherein 
the light source sections are arranged so that the reference 
axes partially tilt with respect to the optical axis of the syn 
thesizing section, the illumination optics further comprises a 
deflecting optical element which is provided on the light 
incident side of the synthesizing section and transmits to 
deflect the emitted light beams so that the reference axes of 
the emitted light beams just before entering the synthesizing 
section are approximately perpendicular to a light incident 
Surface of the synthesizing section. 

7. The illumination optics according to claim 2, wherein 
the synthesizing section includes an integrator rod. 

8. The illumination optics according to claim 7, wherein 
the integrator rod is a taper rod in which an area of a light 
incident Surface is larger than an area of a light emission 
Surface. 

9. An illumination optics comprising: 
a first light Source section for emitting a first light beam; 
a second light source section for emitting a second light 

beam; and 
a time sharing color separation device having a plurality of 

color filters on one plane, the color filters being rotation 
ally moved so as to cross the first and second light 
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beams, thereby separating the first and second light 
beams to enter there into different color light beams in a 
time sharing State, 

wherein the first and second light beams enter the color 
filters along a direction of a boundary line of the adjacent 5 
color filters and the first and second light beams are 
separated on the surface of the color filters along the 
direction of the boundary line of the adjacent color fil 
ters. 

10. The illumination optics according to claim 9, wherein 10 
the first and second light beams are condensed in the vicinity 
of the surface of the color filters. 

11. The illumination optics according to claim 9, wherein 
the first and second light beams on the surface of the color 
filter are adjacent. 15 

12. An image projecting apparatus, comprising: 
an illumination optics including: 
a plurality of light Source sections for emitting lightbeams; 

and 
a time sharing color separation device having a plurality of 

color filters, the color filters being rotationally moved so 
as to cross optical paths of the emitted light beams from 
the light Source sections, thereby separating the emitted 
light beams which enter there into different color light 
beams in a time-sharing state; 

a light modulating device for modulating the different 
color light beams Supplied from the illumination optics 
according to image data; and 

a projecting optics for projecting the different color light 
beams modulated by the light modulating device, 

wherein when optical axes of the emitted light beams or 
axes on extended lines including the optical axes on the 
optical paths of the emitted light beams are determined 
as reference axes, the reference axes of the emitted light 
beams to enter the time sharing color separation device 
are separated from each other, and the color filters are 
formed so that border lines of the adjacent color filters 
cross the reference axes approximately simultaneously 
at the time of rotation. 
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13. The image projecting apparatus according to claim 12, 

wherein the illumination optics further includes a synthesiz 
ing section for synthesizing the emitted light beams from the 
light Source sections, and wherein the time sharing color 
separation device is arranged on a light incident side of the 
synthesizing section. 

14. The image projecting apparatus according to claim 13, 
wherein the synthesizing section includes an integrator rod. 

15. The image projecting apparatus according to claim 14, 
wherein the integrator rod is a taper rod in which an area of a 
light incident Surface is larger than an area of a light emission 
Surface. 

16. The image projecting apparatus according to claim 13, 
wherein the light source sections include: 

light emitting sections for emitting light beams, the light 
emitting sections being arranged so as to oppose each 
other across the optical path of the synthesizing section; 

first light condensing sections for condensing the emitted 
light beams; and 

reflection mirrors for bending optical paths of the light 
beams emitted from the first light condensing sections 
by means of reflection, respectively. 

17. The image projecting apparatus according to claim 13, 
wherein the light source sections further includes a second 

light condensing section for condensing the emitted 
light beams reflected by the reflection mirrors, and the 
second light condensing section is shared by the light 
Source sections. 

18. The image projecting apparatus according to claim 12, 
wherein the light source sections are arranged so that the 
reference axes partially tilt with respect to the optical axis of 
the synthesizing section, the illumination optics further com 
prises a deflecting optical element which is provided on the 
light incident side of the synthesizing section and transmits to 
deflect the emitted light beams so that the reference axes of 
the emitted light beams just before entering the synthesizing 
section are approximately perpendicular to a light incident 
Surface of the synthesizing section. 
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